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GEAR MANUFACTURE. 
By F. WHITELEY. 


CHAPTER 1. 
TYPES OF GEARS. 


THERE are many different types of gears, and the classification or 
identification depends largely on how the gears are being used. 

For example, when two spiral or skew gears are being used to 
connect two shafts not running parallel with each other they are 
termed spiral gears, but should the shafts be parallel with each 
other, similar gears used for connecting the two shafts are named 
helical gears. 

The more important of the existing types of gears will therefore 
be described to assist in the matter of classification, and in each 
case, the chief characteristics required for the detail design of gears 
having standard proportions are also included. 


Spur Gears. Fig. 1. 


This type of gear is most commonly used to connect two parallel 
shafts, and which then rotate in opposite directions. 

- The teeth are parallel to the axis of the gear, and are identical 
in profile from one side of the face to the other. 

They are subjected to no axial force due to tooth load, and are 
therefore used as sliding gears for change speed mechanisms in 
gearboxes, 

The spur pinion (z.e., the gear having the smaller number of 


teeth in a pair of mating gears) is also used to mesh with an internal 
spur gear. 


Internal Spur Gears. Fig. 2, 


In this case the teeth are cut on the internal diameter of an 
annulus or ring, and they mesh with a spur pinion as shown in 
Fig. 1. 

erhe teeth are parallel to the axis, and, as in the case of spur 
gears, are identical in profile from one side of the face to the other. 

The gears are used to connect two parallel shafts usually opposed, 
and when engaged, the shafts run in the same direction. 

This type of gear is used for epicyclic transmissions, reduction 
gears for machine tools, and is also used for clutches and couplings. 
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In the latter case, however, the external spur pinion has the 
same number of teeth as the internal gear wheel, and therefore 
rotates as one body, at the same speed. 


Spur Rack. Fig. 3. 


The pitch line of a spur rack moves in a straight line path, and 
the rack may thus be regarded as a spur gear of infinite radius or 
zero curvature. 

A spur pinion, Fig. 1, is most commonly used to transmit 
longitudinal motion to the rack, and a most common application 
can be found on lathes, when in this case the rack is used to transmit 
motion to the saddle. 

It should also be stated that the rack tooth is of fundamental 
importance in the study of involute gear teeth. 


Helical Gears. Fig. 4. ' 


These are used in the same way as spur gears, but differ from 
them in that the teeth, cut on the periphery of the gear b.ank, are 
of helical or screw form. 

The pinion cannot be moved longitudinally along its axis 
without imparting angular motion to its mating wheel and for this 
reason, helical gears are used in automobile gearboxes as constant 
mesh gears on syncro-mesh applications. 

The transverse section of a i.elical gear is identical with a spur 
gear in so far as tooth profile is concerned, and is involute on this 
section. 

Mating gears must, however, be made with the same helix angle 
but opposite hand, while tooth loading produces axial thrust. 


Double Helical Gears. Fig. 5. 


As the name implies these gears are the equivalent of two helical 
gears secured together, but in actual practice they are manufactured 
in one piece. 

The teeth may be continuous or separated by a gap. although 
the two helix forming the double helical are opposite hand, meeting 
at a common apex. . 

_They are produced by a variety of processes, and are distin- 
ished by the name of the process by which the teeth are cut. 

It is the usual practice when cutting this type of gear to know 
the direction of the teeth in relation to the driving end especially 
in the case of shaft gears. 


Spiral Gears. Fig. 6. 


These gears are identical in every way to helical gears, Fig. 4, 
the only reason for them being called spiral gears is that the two 
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gears are used to connect two shafts not parallel to each other, and 
this difference should be particularly noted. 

Spiral gears, therefore, used in this way give only theoretical 
point contact instead of line contact which has been the case for 
the gears previously mentioned, and they also introduce a longitud-- 
inal sliding motion between the teeth. 


Bevel Gears. Fig. 7. 


When it is desired to connect two shafts the axis of which 
intersect, bevel gears are used. 

The most common type is that in which the teeth are radial 
to the point of intersection of the shaft axes or apex, and such gears 
are termed straight bevel gears. 

The teeth are similar to spur gears in that they make line contact 
across the face of the teeth. The teeth are smaller at the front 
end than the rear end, being smaller in proportion to the rear end 
in the ratio of (1) distance from apex to the front end; (2) the 
distance from the apex to the rear face. 

The shaft angle most commonly encountered is 90° and bevel 
gears having this angle when giving equal speeds are termed mitre 
gears. 

The shaft angle may, however, be any value between zero and 
180°, but recourse should be made to the limitations of the machine 
used for cutting the gears before anything definite is fixed. 


Spiral Bevel Gears. Fig. 8. 


This type of gear fulfils the same purpose as straight bevel 
gears, but represents an extension of the principle of tooth formation 
to the general case in which the teeth may have a form of spiral 
or developed curve in the longitudinal direction. 

In other words, spiral bevel gears bear the same relation to 
straight bevel gears as helical gears bear to spur gears. 

There is no longitudinal sliding, but the end thrust may act 
either away from or towards the apex according to the direction 
of rotation, hand of spiral, and gear proportions. 

In the actual manufacture of this type of gear the desien depends 
on the type of machine used for cutting the teeth, and farthermore 
the actual settings used on that machine are important as a means 
of reproduction should further quantities be required. 


Worm Gears. Fig. 9. 


Worm gears are used in the same manner as spiral gears, i 
to connect skew shafts, but not necessarily at aan va bCon 
In fact, the worm exactly resembles one of a pair of spiral gears, 
but the wheel is throated, and has concave teeth. oe: Sy 
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While resembling spiral gears in purpose and general dimensions, 
worm gears differ from them in that they give line contact instead 
of point contact, and will thus carry greater loads. Another 
difference is that while the centre distance is important in relation 
to the helix angle in the case of spiral gears, this problem does not 
arise when making calculations for worm gears. 

The sliding velocity is high in comparison with that found in 
other types of gear, and special attention is necessary to the choice 
of materials and lubricant. 


CHAPTER II. 
FORM OF TOOTH. 


The function of a pair of gears is to transmit motion from one 
shaft to another with uniformity of velocity ratio. 

Either the cycloidal, or the involute form of tooth, will satisfy 
this condition, but the cycloidal has the disadvantage in that a 
slight variation of the theoretical centre distance destroys the 
uniformity of angular velocity. 

It is very difficult to ensure that two mating gears run on their 
exact theoretical centres under all circumstances, and it is this 
fact more than any other which has put the involute tooth form 
into almost universal use. 

Variations within fairly wide limits of the theoretical centre 
distance of two involute tooth form gears does not impair the 
uniformity of velocity ratio. 

Another factor in favour of the involute is that it can be 
measured by means of two very simple pieces of mechanism, namely, 
a straight edge and disc. 

A third factor is that an involute tooth form can be produced 
by a straight sided rack cutter, and, in fact, every type of involute 
gear is originally produced by means of this basic principle. 

It can, therefore, be stated that all the types of gears described 
in the previous chapter are produced with an involute tooth form 
with the exception of the bevel gears, Fig. 7, and spiral bevel gears, 
Fig. 8. 

In the case of bevel gears, the teeth are generated by a straight 
sided cutter, representing the side of a tooth of any imaginary 
crown gear, and the form of tooth produced is termed an octoid. 

Now a crown gear is in effect a bevel gear of 90° pitch angle, 
and the teeth of a true involute crown gear should have tooth 
profiles which are very slightly curved. 

The difference between the tooth shapes on the gear being cut 
by an imaginary crown gear having a straight sided cutter, and 
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one with the tooth profile which is slightly curved, is so small 
however, that it can be ignored. 


Both forms give theoretically, correct action, and for practical 
urposes it can safely be assumed that the form of tooth produced 
on the transverse plane of both straight and spiral bevel gears is 
of involute form. 
Spur gears, spur racks, helical, spiral gears and worms, are all 
of involute form on their transverse planes or in other words, on 
the plane of rotation. 
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This point should be kept in mind when making any investiga- 
tions, calculations, or layouts appertaining to the form of tooth, 
especially in the case of helical, spiral gears or worms. 


For these types of gears, which in any case are very closely 
related to each other, the form of tooth on the normal and axial 
planes is such that the form is entirely dependent on the involute 
form onthe transverse plane, and the spiral or helix angle. 
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LAYOUT OF INVOLUTE CURVES. 


The involute tooth form has been constructed on the transverse 
plane of the spur gear pair shown in Fig. 1, and it will be particularly 
noted that the origin of the wheel and pinion tooth shapes is based 
on the base circle diameters D, and d,. 


The base circle diameter should be considered as a disc, around 
which is a line or tape, the two ends of the tape commencing and 
finishing at point A as shown in Fig. 10. 


By securing one end of the tape at A and unwinding the other 
end, the path of the involute curve is described by the end of this 
tape, through points B, C, D and E, when the tape is tangential to 
the base disc at the corresponding points B,, C,, D,, and Ej. 
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Before, however, the involute form can be applied to a gear 
tooth, some consideration should be given to the question of the 
pitch diameter, and pressure angle. , 

In other words, the pitch diameter and pressure angle together 
with the addendum and dedendum actually define what part of 
the involute curve is being utilised on a gear tooth, and before any 
tooth layout can be made it is first of all necessary to have this 
information. 

The pitch diameter is always greater than the base diameter, 
and where the involute bisects the pitch diameter circle, it is called 
the pitch point, while from this point the pressure angle is obtained 
in conjunction with the base circle, and the centre of the gear. 

In Fig. 11 is shown the construction of a spur gear tooth in 
relation to the pressure angle and pitch diameter, and it should 
be noted that we have a right angle triangle formed by the three 
sides a, b and c when a = }-base circle diameter. 

c 3-pitch diameter. 
y = pressure angle of gear. 


Therefore given the pitch diameter D and pressure angle % of 
a gear, the base circle diameter D, is equal to D Cos % when D = 2, 
and D, = 2,._ Alternatively given D and D, the pressure angle 
y can be obtained as follows :— 


Do 
Cos f = D 

There are several methods of setting out the involute tooth 
form on the drawing board, and the method selected depends on 
the accuracy required for the purpose for which it is proposed to 
use the tooth shape. 

For example, if an accurate projection drawing is required, 
it is recommended that the tooth shape be generated, especially 
if a gear having a small number of teeth is under review, as the 
shape changes very rapidly on gears of this nature. 

For a gear having a large number of teeth, then the shape can 
be constructed without being generated as the tooth shape does 
not change, and, in fact, it will be found that the shape is practically 
equivalent to the arc of a circle. 

For setting out tooth shapes, when accuracy is not the first 
essential, the following procedure can be followed, this method 
being suitable for helical, spiral, worm, and bevel gears on their 
transverse planes, as well as spur gears. 

Referring to Fig. 12, the first step is to draw the pitch diameter 
D, and the outside and root circles, the outside circle being larger 
in diameter than the pitch diameter, by an amount equal to twice 
the addendum, while the root circle is smaller in diameter than the 
pitch circle by an amount equal to twice the dedendum of the gear. 
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The pressure angle ys is then set out from the centre line of the 
gear and from the gear centre ‘‘O” while another line from the pitch 
point “C” at right angles to line OC, is drawn to form a triangle 
OCC,, after which the base circle is drawn equal to a radius of OC). 

The compasses are then set to distance C,C and an arc drawn 
from C to D. 

The compass point is then placed on D,, the com passes 
extended to reach point D and an arc drawn to reach point E. 

This process is repeated until the involute curve reaches the 
outside circle and a similar procedure is adopted for the curve 
below the pitch diameter to the base circle except that in this case 
the radii of the compasses is shortened instead of lengthened. 

If the root circle diameter is less than the base circle diameter 
then the involute curve must not be taken below the base circle, 
due to the fact that the curve terminates at this point. 
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To determine the generated tooth shape below the base circle 
it is therefore necessary to generate the tooth shape as described 
below. 

If, however, the distance is equal to the radius used to join up 
the flank of the teeth to the root radius, then it will, of course, not 
be necessary to generate this radius, which is usually made equal 
to the clearance. 

It must be understood that although only four points have been 
used in constructing the involute curve in the figure, more points 
could be used and, in fact, greater accuracy will be obtained, but 
all this, of course, depends upon the size of the tooth being set out. 

The other side of the tooth is drawn in the same way after 
setting off the tooth thickness on the pitch line, the arcs used to 
construct the curve being exactly the same as were used for the 
first side. 

A more accurate method for setting out the tooth shape is to 
“generate” the curve on the drawing board, and this can be carried 
out in several ways. 

They are all similar, however, and two ways are described 
below, but it should be specially noted that it is in effect only 
reproducing the generating action of the gear cutting machine, on 
the drawing board. 

For one of the methods used for generating the tooth shape two 
sheets of drawing paper are required, sheet A and B, Fig. 13. 

On sheet A a vertical line AA is drawn, and at right angles to 
this line a centre line OO is drawn. Two further lines BB and CC 
are then drawn, parallel to line AA, the distances from line AA of 
lines BB and CC being equal to the addendum and dedendum of 
the gear respectively. 

With line OO as centre a series of lines parallel to OO are then 
drawn, above and below line OO, and numbered as shown, the 
spacing of these lines being made equidistant by the use of a pair 
of dividers. 

The distance between the lines depends on the size of the drawing 
required but for general cases it will be found that a distance of 
0-300 to 0-500 will be satisfactory. 

To complete the drawing another line DD corresponding to the 
rack form is then drawn, the angle # to line OO being made equal 
to the pressure angle. 

For the drawing on sheet B, transparent or tracing paper must 
be used, and after first drawing the centre line OO the circles 
corresponding to the pitch circle, outside circle, and root circle 
diameters are drawn. 

The pitch circle is then divided up into the same distances as 
for line AA on sheet A, and it is advisable to keep the dividers set 


for marking off both sheets. 
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Having set out the required number of points on the pitch circle 
sheet B above and below centre line OO, radial lines are then drawn 
from each point to the centre O and numbered as shown. 


To “‘generate’”’ the tooth shape sheet B is placed over sheet A 
with the horizontal lines OO covering each other and line AA, 
sheet A, tangential to the pitch circle diameter sheet B, after which 
the angular line DD sheet A is traced on to sheet B. 

Still keeping line AA tangential to the pitch circle diameter, 
line number 1 sheet A is covered by line number | sheet B, and line 
DD sheet A traced through on to sheet B in this new position. 
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This procedure is followed for each numbered line on the sheet 
both above and below the centre line OO until the whole of the 
-involute curve has been produced. 

Another similar method of generating the tooth shape is to first 
produce the rack form on a piece of thin transparent celluloid as 
shown in Fig. 14. 

The advantage of this method will be found when it is desired 
to generate a wheel tooth from a pinion tooth or vice versa, as in 
this case the profile of the pinion tooth will be produced on the 
celluloid and rolled with the wheel in the same manner, although 
it will be necessary to scribe the pinion pitch circle on the celluloid 
and not a straight line as shown. 

This method is found very useful when it is desired to know 
the shape of a spur gear tooth generated by a circular generating 
cutter, the cutter shape and cutter pitch circle being first produced 
on the celluloid, and the spur gear tooth generated from this shape 
by rolling the two pitch circles together. 

A pencil is used to mark the side of the rack or cutter form on 
the drawing paper, with the rack pitch line tangential to the pitch 
circle, and pin pricks made to avoid slipping. 

The template is then rolled on the pitch circle without slip 
keeping the celluloid pitch line tangential to the pitch circle, further 
pin pricks being made on the pitch circles, and another line marked 
on the drawing. 

This procedure is continued until the gear tooth shape is pro- 
duced on the drawing, the shape above the pitch circle being 
produced by turning the template clockwise and the shape below 
the pitch circle is produced by turning the template anti-clockwise, 
when the completed tooth shape will be as shown at Fig. 16 if the 
generation has been carried out correctly. 


INVOLUTE FUNCTIONS. 


In addition to being able to generate gear tooth forms on their 
transverse planes in the manner described, it is also possible to 
plot the tooth form, using co-ordinates previously calculated by 
means of involute trigonometry in conjunction with which involute 
functions are used. 

To define an involute function, an involute tooth form is shown 


at Fig. 17, where 


y% = pressure angle of gear on transverse plane at 
radius D/2. 

D = pitch line diameter. 

D, = base line diameter. m 

J = outside diameter. ss 


involute function of angle w. 
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INvevutc Curve. 
sevgrure ae: 


4 INVOLUTE FUNCTION, 
FIG.I7. 


_, The right angle used in the construction is denoted by three 
Sides a, } and c, and if it is imagined that side 0 is wound round the 
base circle until point A reaches the base circle at point B as pre- 
viously explained, it is evident therefore that } will equal the 
circular distance BC measured on the base circle. . 

Now an involute function is the vectorial angle (in radians) of 
an involute curve from its origin, and is also a function of the 
Pressure angle at the radius, at which the vectorial angle is taken, 
the pressure angle at the point of origin B being zero. 

The vectorial angle at A on the involute curve is therefore yy, 
which is the angle subtended by OB and OA, the pressure angle 
at A at radius D/2 being ¢. 

Therefore the angle ¥,, in radians is known as the involute 
function of the angle y and is written inv. ip. 


b 
Now 7 7 tan # and b = a tan y. 


Length 0 is then rewound on to the base circle diameter and is 
then equal to a (x + a,). 


Therefore a (i + #,) = a@ tan yp. 
o+y, = tan yw. 
’ 1 = tan w — wradians. 
1 = inv. ¥w. 


Example.—To find the involute function of 20° we proceed as 
follows :— 
Let % 20°. 
» Wy inv. 20° = tan 20° — 20° radians. 
Then tan 20° = 0-363968 and 20° radians = 0-349064. 
Inv. 20° = 0-363968 — 0-349064 
= 0-014904. 


ll 
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CHAPTER III. 
CORRECTION OF SPUR GEARS. 


There are many methods employed in the correction of spur 
gear teeth produced by generation, all of which however are used 
to eliminate undercutting of the tooth flanks, and thereby improve 
the running qualities of the gears. 


The same methods can be used in the design of single helical, 
and spiral gears of full depth or British Standard proportions 
(based on the normal plane), and produced by hobbing, rack 
planing or profile grinding, providing that the correction is based 
on the virtual and not the actual number of teeth in the gear, 


when 


Z, = Z sec’ 6. 

and Z, = virtual number of teeth in gear. 
Z = actual number of teeth. 
6 = spiral angle. 


There are four methods of tooth correction in common use as 
described below :— 
(a) Shortening the addendum and dedendum of both wheel 
and pinion, the teeth then being known as stub teeth. 
(b Increasing the pressure angle of the gears. 
(c) Displacing the pinion tooth form outwards, and the wheel 
tooth form inwards, by a similar amount. 


(d) Increasing centre distance, and displacing tooth profile 
of both pinion’ and wheel outwards, to suit the increased 


centre distance. 


‘Stub Teeth. 


The stub tooth system is a modification of the full depth involute 
tooth, and is used extensively for gears in automobile and machine 
tool gearboxes. 

Its advantage lies in the fact that added strength is given to 
the teeth, but against this, it will be found that the length of contact 
is shortened, and it is therefore advisable to check this either by 
layout or calculation, to ensure continuity of contact. 


There are also various standards in use for stub teeth, details 
of the basic rack for each standard being given below. 
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— 
| | | Full | Radii in Tooth 
| Standard |Addendum Dedendum Depth | Roots Thickness 
, : =| 
Fellows — — — | — — | 
| 
| P 0-800 1-000 1-800 | 0-30... 7 
| American i } - Min 
DP | DP DP DP 2DP 
F 942 7 | 0-25 . 
| Nuttall’s 0-7854 | 0-9424 1:7278 | 0-25 7 
| DP | DP DP | DP | 2DP | 
{ | 
| ' | 
| ; 0-7854 0-9425 1:7279 0-25 { 7 | 
, Adamson’s — 
DP DP DP DP { 2DP | 


For practical purposes the Nuttall and Adamson standards 
are the same although the Nuttall system is generally based on 
using the circular pitch proportions thus :— 


addendum = 0-250 x circular pitch. 
dedendum = 0-300 x circular pitch. 


_ No set rule however can be fixed for the Fellows system, which 
is the most generally used in this country, as it is based on the use 
of two diametral pitches. 


For example when a pitch of $ diametral pitch is quoted, it 
means that the diametral pitch of the gear is 5 diametral pitch for 
the purpose of calculating the pitch circle diameter and circular 
tooth thickness, but the addendum, dedendum, and subsequently 
the outside and root diameters are based on the standard pro- 
portions of 7 diametral pitch. 


Generating cutters designed for the full depth involute system 
cannot be used, and special cutters are therefore required, based 
on the stub tooth standard. 


The basic pressure angle used for all stub tooth standards is 20°, 


while the diametral pitches included in the Fellows system are as 
follows : 


4 8 6&6 ZT 8 9 410 12 
Be 7) 8 Oe TO) TT Te) Th Te zy an zp ete. 


Example.—Calculate the tooth proportions of stub tooth gear 
to DP, 32 teeth, 20° pressure angle. 
32 
8 


I 
A = eS 0-100 
10 


D = 


I] 


4-000 
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we 
~1 


1-250 


B = = 0-125 
10 
= 4-000 + 2 x 0-100 = 4-200 
7 
it = —— = _ 0-19635 
2x 8 
when D = pitch circle diameter. 
A = addendum. 
B = dedendum. 
J = outside diameter. 
t = circular tooth thickness. 


other particulars required for cutting the gear being calculated in 
the same manner as for a standard spur gear. 


It is generally accepted that all spur gears having 17 teeth and 
over, 20° pressure angle, could be made with standard full depth 
proportions; therefore if the teeth are made to the stub tooth 
standard it will be possible to design a gear of less than 17 teeth 
without undercut. 


To determine if undercut is present it is necessary to make a 
small calculation, and referring to Fig. 18 :— 


let D = pitch circle diameter. 
By = working dedendum of gear. 
yb = pressure angle. 
x = amount of involute profile below pitch circle. 
k = correction required to eliminate undercut. 
BY 
FIG. 18. SKETCH OF STUB TOOTH 


SHEWING METHOD OF 
CALCULATING AMOUNT OF 
CORRECTION NECESSARY 
TO ELIMINATE UNDERCUT. 
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D 
then x = ~ sin? wb. 
thus if « is less than B, the difference is equal to k, the amount of 
correction required. ; 
Taking the previous example the pitch circle diameter is 4-000 
and B,, 0-100, then 


4-000 
x = sin? 20° 


= 0-233 
but in this case 0-233 is greater than 0-100, therefore no correction 
is necessary. With the Fellows stub tooth system it is not possible 
to fix the minimum number of teeth that can be cut without under- 
cut, but taking the largest pitch in the system, namely 4/5 DP, the 
minimum number of teeth can be calculated. 


By = 0-200. 
To avoid correction x must also equal 0-200, 
ee Dd % 7 0-200 
"2 7 Sine 7 “Sin® 20° 
2 
or Dh a, Vee 
Sin? 20° 
fa = 3-42 
and minimum number of teeth 
= Dx DP 
= 3842 x4 = 13-68 
= 14 teeth. 


The formula given is based on the assumption that the gears 
are meshing with a rack, and therefore undercut must be eliminated 
altogether. - 

When the gear is meshing with another gear, however, it is not 
absolute necessary to do this, as the whole working depth is not 
being utilised, due to the curvature of the mating wheel, but this 
will be explained later. 


Increasing Pressure Angle. 


The second method used to eliminate undercutting of the tooth 
flanks, is to increase the pressure angle of both gears. 

Its advantages are that a stronger tooth is obtained, but there 
are certain disadvantages, namely, a smaller engagement factor, 
and care has to be taken to see that the points of the teeth do not 
become too pointed. 

The theoretical minimum number of teeth which can be cut 
for a given pressure angle, using standard proportions, is obtained 
from the formula :— 
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Zz 2 
| Sin? yb 
when Z = minimum number of teeth. 
y% = pressure angle of cutter. 


and it will be found that 

for 144° pressure angle this minimum is 32 
20° Pf a”) a3 a”? ” 17 
25° ” ” ” »” ” 11 


In all cases the engagement factor or contact ratio should be 
greater than 1-000 (a figure of 1-3 to 1-5 is desirable) and this can 
be calculated or obtained from a layout of the gear pair under 
consideration. 


If calculated, the contact ratio is obtained from the formula :— 
VPP-D2 + VpP—d2 - 2CSing 
2 x 7/DP x cos & 


outside diameter of wheel. 
outside diameter of pinion. 
base diameter of wheel. 
base diameter of pinion. 
pressure angle. 

diametral pitch. 

centre distance. 


OOeR OSU 
lot td wd te you 


To obtain the contact ratio from a layout, reference should be 
made to Fig. 19 which shows a gear pair of standard proportions, 
then contact ratio is equal to :— 

Length of contact 
Base pitch 


when base pitch = i cos 
The number of pitches in mesh at one time is expressed by the 
contact ratio, therefore should the contact ratio be equal to 1-000, 
one tooth is just leaving engagement as the next tooth is just 
entering. 
The gear pair shown in the figures has 20 teeth in the pinion, 
and 24 teeth in the wheel, while the pressure angle is 20°. 


The tooth proportions are therefore made standard in accordance 


with the rules previously given, the “length of contact’ denoted 
by the letters EF, and the length of the line of action by the letters 


GH, then contact ratio is equal to :— 
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WHEEL. 


PINION. 


Fig. 19—Layout to obtain length of contact for a pair of spur gears. 
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EF ‘ EF 
7/DP cos Base pitch 
which in this layout is equal to 1-56. 

When increasing the pressure angle, a check should also be 
made on the point width of the teeth, especially if dealing with a 
small number of teeth. 

This can also be obtained either by layout or calculation but 
greater accuracy is obtained by calculation. 

Then referring to Fig. 20, to obtain the circular width of the 
tooth on the outside diameter we proceed as follows when 


J = outside diameter of gear on which thickness is 
required. 

pitch diameter of gear. 

base diameter of gear. 

pressure angle on diameter D. 

pressure angle on diameter J. 


estas =, Oo 


Hou i dl 


FIG. 20. DIAGRAM OF TOOTH. 
SHAPE TO OBTAIN 
TOOTH. THICKNESS 
ON DIAMETER J, 
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circular tooth thickness on diameter D. 
circular tooth thickness on diameter J. 
circular tooth thickness on base diameter Dg. 
-nvolute function of angle» \ from tables. 


fo te el 


t 

ty 

bo 
inv. 
i @ 


inv. involute function of angle 0 S 
t 
Then 4 = J[ (> + inv. & - inv. 6) | 
when cosg@ = Dost § Do 
J J 


should the tooth thickness on the base circle be required we have : 


t 
6 =D [5 + img] 


and given t, the tooth thickness on diameter, J can then be cal- 
culated from :— 
— inv. | 


Z 
4-s[> ~ inv. @ ort = p [ 
fe) fe} 


The above formula can be used in calculating the circular tooth 
thickness at any diameter desired, using different values for J and 
obtaining the corresponding values for 6. 


Positive and Negative Correction. 


by simply modifying the outside 
cutting the teeth with a standard 
cutter to the standard cutting depth. 
Therefore, if the pinion bla 


by a certain amount, and the 


than standard by the same amount. This enables the gears to 
be meshed together at standard centres, or at centres calculated 


The amount of Correction necessary really depends upon the 
number of teeth in the pinion, but at the same time care has to be 
exercised to see that undercut is not introduced in the wheel by 


The amount of correction for the pinion denoted by K, is given 
in the table, Fig. 21, for pinions of 10 teeth to 19 teeth inclusive 
and also indicated is the minimum number of teeth in the wheel 


? 


, 
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CORRECTION FACTORS FOR SPUR GEARS 
BASED ON 1 DIAMETRAL PITCH 
20° PRESSURE ANGLE 
STANDARD DEPTH 


Ne cr ,CORRECTION FACTORS | miniIMUM NUMBER OF x-—- BD sn7y 
2 ; 


TEETH “ TEETH IN MATING WHEEL 
X< MUST BE EQUAL TO 


IN HAVING CORRECTION FACTOR OR GREATER THAN B, 
PINION K FROM UNDERCUT IN WHEEL 


rae) B : _ [iO 


THE CORRECTION FACTORG GIVEN ABOVE SHOULD NOT BE EXCEEDED 
IN ORDER TO ENSURE THAT A REASONABLE POINT WIDTH !S 
MAINTAINED. 

THEY CAN BE REDUCED HOWEVER IF NECESSARY, BUT SHOULD 
NOT B& LESS THAN THE VALUES GIVEN BELOW JF ABSOLUTE 
FREIDOM FROM UNDERCUT IS TO BE MAINTAINED 


Ne OF 
TERTIUS le IS | 14 IS Io 17 
PINION 


CORRECTION 
FACTOR IN |Q-40/0-36/0:30 
PINION Kp 


FIG el. CORRECTION FACTORS FOR 
SPUR GEARS. 


which it is considered should be allowed to mesh with the pinion 
having the same correction. 

The figures given are based on teeth of 1 diametral pitch 20° 
pressure angle, of standard full depth proportions, and they should 
not be exceeded if a reasonable point width of tooth is to be 
maintained. 

They can be reduced slightly if necessary but should not be 
less than the minimum values which are also given, if absolute 
freedom from undercut is desired. 

For other ratios of 20° pressure angle not covered by this table, 
it will be necessary to consider them under the heading of +<::11:1 
centre distance gearing, which will be described later. 
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The length of contact, and the point width of the teeth should 
also be checked, either by layout or calculation, in the same manner 
as that previously described. 

To make the calculations for a pair of gears corrected in this 
manner, it is necessary to calculate the blank diameters, addendum, 
dedendum, and circular tooth thickness after which the same 
procedure can be followed as for a standard gear, 


then let Z, number of teeth in wheel. 
number of teeth in pinion. 
diametral pitch. 

pitch circle diameter of wheel. 
pitch circle diameter of pinion. 
pressure angle. 

pinion correction factor. 

wheel correction factor. 

wheel addendum. 

pinion addendum. 

wheel dedendum. 

pinion dedendum. 

circular thickness of wheel tooth. 
circular thickness of pinion tooth. 
outside diameter of wheel. 
outside diameter of pinion. 


Ze 
DP 


= 0 


badd bb ded db ded de ted ded 


SUS S SMS PRASAD 


Wheel. 


io) 
ll 


K, = -%& 


Pinion. 
Zs 
‘DP 
value from table 
DP 
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1 

a = Dp + Kp 

q = @d + 2a 
1-157 1-250 

b = —=— = K 
DP ” ODP P 

7 
tp = Opp + 2(K, tan y) 


Example.—To make the calculations for a pair of spur gears 
8 DP, 20° pressure angle, having 12 teeth in the pinion, and 24 
teeth in the wheel, we proceed as follows. 

According to the table, Fig. 21, the ratio is within the range, 
and positive and negative correction can be used then :— 


Wheel Pinion 
24 12 
D =—=+3: d = — = 1-500 
; 3-000 3 
0-32 
Ky = - Kp = 0:04 Kp = 3. = 0:04 
1 
S =o = te a =} + 0:04 
- = 0125 — 004 = 0085 — = 0125 + 0-04 = 0-165 
J. = 3-000 + 2 x 0-085 j = 1500 + 2 x 0-165 
= 3-170 = 1-830 
1-2 1-250 
B oe: Has b = — - 0-04 
8 8 
= 0156 + 0-04 = 0-156 — 0-04 
= 0-196 . = 0-116 
ty =— 2 (0-04 tan 20° = —— + 2 (0-04 tan 20° 
Y = oeg * ( an 20°) = Seat ( an 20°) 
= 01963 - 0-029 = 01963 + 0:029 
= 0:1672 = 0:2254 


To check these values (ty + fp) Should be equal to s and in 


example 0:1672 + 0-2254 = 0:3926 


To check for length of contact and referring to Fig. 22, the 
contact ratio is equal to 1:42 which is satisfactory for obtaining 


continuity of contact when 
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WHEEL 247. 
8DBP 20° PA 
ADD” 0-085 

/ DED” 0-196 


ACTIVE PROFILE OF” 
TOOTH FLANKS !S 
INDICATED BY SHADING 


PINION |2T 
SDP 20° PA 
ADDM 0-105 
DED“ 0-1le 
BASE PITCH 90-3690 
CONTACT RATIO 1-42 


FIG. 22. LAYOUT TO CHICK CONTACT + 
Patio OF IZ AND 24 TOOTH 
SPUR GEARS. 


f tact 0-525 
Contact matic = ost ol Contact _ 


Base Pitch 0-369 


and Base Pitch = —— eos y = cos 20° = 0-369 
DP 
Although the contact ratio is satisfactory, undercutting of the 
tooth flanks is not present, and the point width of the pinion tooth 
is also suitable, it should be noted from the figure that the active 


profile of the pinion tooth flank extends very near the base circle 
diameter. 


This condition should be avoided wherever possible; therefore 


pinions having very small numbers of teeth should be used only 
in cases of absolute necessity 


Extended Centre Distance Gearing. 


One great advantage of using the involute form of tooth for 
spur gears is that the gear centres can be increased within reason- 
able proportions without affecting the velocity ratio of the two 
gears. 
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Should the centres of a pair of standard gears be increased, 
however, it would be found that excessive backlash had been 
introduced, and it is then necessary to increase the blank diameters 
and tooth thickness of both wheel and pinion to overcome the 
deficiency. 

Due however to the fact that standard cutters can be used to 
cut extended centre distance gearing, and both gears are positively 
corrected, the sum of the total correction will be found to be slightly 
greater than the actual increase in centre distance. It will also 
be found that the greater the increase in centre distance the greater 
the reduction in the total depth of tooth from standard, providing 
that the standard clearance is maintained. 

One great disadvantage of the system is that the centre distance 
is not standard, in fact the gears are designed around the centres 
desired, but on the other hand, standard generating cutters can be 
used in practically every case although this is done by introducing 
the module system of cutter standardisation. : 

Where the system is found very useful is when a pair of spur 
gears are required to mesh at centres which are not standard, a 
condition often experienced in machine tool design. 

It is then possible, by using the formula given below, to calculate 
particulars of a pair of gears which will run together quite satis- 
factorily, and in fact better than if the gears had been meshing at 
standard centres. 

This is due to the fact that full advantage is taken of the 
maximum rolling conditions available, for increased rolling as 
distinct from sliding gives increased efficiency and lengthens the 
life of the gears. It is agreed that more lengthy calculations are 
necessary, but the results obtained fully justify the extra work 
involved. 

To illustrate the improved rolling conditions obtained by 
increasing the centre distance, diagrams are included as follows :— 

Fig. 23—25/30 ratio 10 DP, 143° pressure angle, standard 
proportions. 
Fig. 24—25/30 ratio 10 DP, 20° pressure angle, standard 
proportions. 
25/30 ratio cut with standard 10 DP, 143 pressure 
angle cutter, but gearing at extended centres. 


It will be noted on each figure that the amount of rolling in 
relation to the amount of sliding has been plotted, and in the case 
of the gears running at extended centres, rolling is considerably in 
excess of sliding. 

A cutter pressure angle of 143° is used for extended centre 
distance gearing as it has been found more suitable for this method 
of correction than 20°; therefore any ratio above 40/40, 7.2., a pinion 
having more than 40 teeth gearing with a wheel having more than 
40 teeth, need not be considered. 


Fig. 25 
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The reason for this is that very little improvement would 
be obtained by increasing the centres above this range, and the 
gears could be made either 143° or 20° pressure angle, of standard 
proportions and to run at standard centres. 

The only reason therefore for increasing the centres above the 
Tange specified would be when it was desired to run the gears at 
extended centres for the sole purpose of accommodating the design. 

The calculations are based on the number of teeth in the wheel 
and pinion, the working centre distance, and the pitch of the cutter 
used to cut the gears, and referring to Fig. 26 and Fig. 27 we have : 


C, = working centre distance. 

C = basic centre distance. 

Z, = number of teeth in wheel. 

Z, = number of teeth in pinion. 

M = module pitch of gears. 

M. = module pitch of cutter. 

bs = pressure angle of cutter. 

%, = working pressure angle of gears. 

B = dedendum of wheel based on working 
b = dedendum of pinion. pitch diameters. 


FIG. 27 Layout oF GEAR IN 
RELATION TO CUTTER 
FOR EXTENDED CENTRE 
DISTANCE GEARING. 
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addendum of cutter. 

dedendum of cutter. 

addendum of wheel \ based on cutting 
addendum of pinion /f pitch diameter. 
working pitch diameter of wheel. 

working pitch diameter of pinion. 

outside diameter of wheel. 

outside diameter of pinion. 

root diameter of wheel. 

root diameter of pinion. 

full depth of tooth. 

cutter withdrawal on wheel. 

cutter withdrawal on pinion. 

dedendum of wheel \ based on cutting 
dedendum of pinion. f pitch diameter. 
\ measured on 


circular tooth thickness of wheel 


circular tooth thickness of pinion cutting pitch 


diameter. 
constant for working clearance. 

0-157 for hobbing or rack cutting. 

0-250 for gear shaping. 


circular tooth thickness of wheel 


circular tooth thickness of pinion working pitch 


measured on 
diameter. 


Then given Z,, Z, and C, 


M Z, + Zs 
Let M, = standard module of cutter. 
op = pressure angle of cutter. 
M, (Z, + Zs) 
then C = ——_ > 
: 2 
C cos % 
cos wy = Cy 
C (inv. %, - inv. w#) 
+ Ke = SE 
(1 ‘ tan 
R3+ 7 
a (C — 2A.) + (4% + %9) 
. _ C, - (R+~7)/2 
1+ V Z,/Z, 
i _, &=* (R_+ 7) /2 


1+ VZ,/Z, 
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D = MZ, and d = MZ, 
R = D —- 2B y = ad — 2b 
J = R+ WM jo = 7+ 2h 
R+~yr 
when it = Cy - RM, - —— 


To calculate addendum and circular thickness of tooth on 
cutting pitch diameter for wheel and pinion we have :— 


M,Z, — R M,Z, - 7 
dy = 5 saad a aa 
4 = Ac - yy and X, = Ac — ea 
M M, a 
by =F" + 2 (tan P) and ty = —2™ + 2 (4 tan ¥) 
~M.Z ) — MZ 
A = J = MZ, ant ‘a J chp 
2 2 


The values obtained for A, a, ty and tp can then be corrected for 
vernier settings in the same manner as for a standard gear, and 
an allowance for backlash made. 


To check the above calculations, the circular tooth thickness 


of both wheel and pinion are calculated on the working pitch circle 
diameters D and d using ¢, and ¢p. 


The sum of the values obtained should, if the calculations have 
been made correctly, be equal to M =. 


Thus given i,,, tp, D, d, % and y,, we have 


t 
tww = D ( ~ + inv. % — inv. th) for the wheel , 
M.Z, 


t «is 
twp = d Cams + iny. % — inv. th) for the pinion 
M,Z, 
then (ww + twp) = M a. 


The pressure angle , really controls the design of the gear teeth 
for extended centre distance gearing, but this in turn is also con- 
trolled by the pitch or module of the generating cutter available. 

For example the gear teeth may be set out to the very best 
advantage, and the value , then modified, to the possible detriment 
of the running conditions in order to use a standard cutter. 


: If, however, certain intermediate cutter standards are introduced 
in the module system, it will be found that it is only necessary to 


make a slight departure from the best Tunning conditions. 


Example.—Calculate particulars of a pair of spur gears to mesh 
at 2-850 centres 25/30 ratio using a 10 DP 144° PA cutter. 
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2 x 2-850 
Then M = ——— = 0:10363 
= (30 +25) 
and M, = 0-100 or module for 10 DP 
p 14? — 90° 
0-100 (30 + 25 
then C = ann ee = 2-750 
f 2:750 x 0:96815 ere 
cos SS —————__ CC = zt 
oe BY 2850 
= 20° — 54* 
2750 (0-017089 — 0:0055448) 
at) = Soe 
0-25862 
(R +7) 
3 = (2750 - 2 x 0-125) + 0-1227 
= 2-6227 
BR _ -2850 = 2:6227 . x 2-850 — 2:6227 
1++/ 25/30 1+-+/ 30/25 
0-2273 _ _0-2273 
~  -1-91287 29-0954 
= 01188 = 0:1084 
D = 0:10363 x30 d = 0:10363 x25 
= 3-1089 = 2:5907 
R = 31089-2x01188 7 = 2:5907—-2x0-1084 
= 2-8713 = 23739 
hy = 2-850 — 0-250 x 0-100 - 2-6227 
= 02023 
J = 28713+2x0-2023 47 = 2:3739+2x0-2023 
= 3-2759 = 27785 
0-100 x 30 —2:8713 0-100 x 25 — 23739 
VN al ) Jo = 2 
= 0-0643 = 0:0630 
% = 0-125 —0-0643 %_ = 0-125 —0-0630 
= 0-0607 = 0-062 
0-100 0-100 
ty = ———~™ 4 2 (0-0607 tan 143°) t= ——>— 


2 


+2 (0-062 x tan 144°) 
0-1884 = 0-1891 


2 
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3-2759 — 3-000 2-7785 — 2-500 
2 i 2 
= 0-1379 : = 0-1392 
0-1884 
3-000 


tww = 33-1089 ( + 0-0055448 — 0-017089 ) 


= 0:15936 
0-1891 
2-500 


twp = 2-5907 ( + 00055448 — 0-017089 ) 


= 0-16605 
and (0-15936 + 0-16605) = 0-10363 x a 
= 0°32541 = 0-32556 
which for all practical purposes is the same. 


The formulae previously given refer only of course to a pair 
of gears, gearing at a given centre distance. 

Where it is desired, however, to mesh three or more gears 
together, all gearing on extended centres, further calculations are 
necessary for the additional gears in the train. 

This problem may also arise in the case of a gear train of three 
or more gears having two gears with positive and negative tooth 
correction, especially if it is required to mesh a wheel with say the 
first driven wheel which has negative correction. 


The difficulty can be overcome in both cases however in two 
ways, the first which is by far the easiest, being to mount say a third 
gear on the same shaft as the driven wheel, and use this gear to 
drive a fourth gear on the third driven shaft. 

In this way the two pairs of gears can be treated independently 
of each other, and arranged to gear at the centres desired. _. 

The second method is more involved, as in this instance it is 
being assumed that three gears have to run in line, and the par- 
ticulars of the first two gears Z, and Z, have been calculated and 
gear Z; must be made to run with gear Zy. 

In any event gear Z, cannot be made to run at standard centres 
with gear Z, which has been corrected, unless gear Z, has the same 
number of teeth as gear Z., and therefore has the same correction. 

To avoid the extra work involved, it is advisable, wherever 
possible, when such gear trains are required, to arrange the numbers 
of teeth to be such that the minimum number of teeth in the 
smallest gear in the train is not less than 17 for full depth pro- 
portions, or 14 teeth using the stub tooth standard. . 

If smoother running is necessary, however, and a high class job 
is required, the particulars of the third gear in the train can be 
calculated as follows, although it is always advisable to deal first 
with the gear pair having the smallest pinion :— 
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let Z,; = second wheel in train. 
Z, = first pinion in train. 
Z, = third gear in train. 


using the same notation as before and using the same module 
of cutter for all gears. 


M. (Z, + Zs) 
2 
C (inv. %#, - inv. ~) 
tan %& 


To determine the value of y,, it is necessary to layout the gear 
teeth and ascertain the best running conditions of Z, with Zs. 


G= 


and (%, + %3) = 


Then x, = (%, + %3) — *, taking the value of x, from the 
previously calculated gear pair. 


and R, = (M.Z3 — 2A.) + 2x5 
M 
i = ae + 2 (x, tan #) 
R R, 
C, = ABER. 2 54 om 
2 
2C, 
tl D. = MzZ. 
M (Z, + Zs) hen D, MZ,, 


and D = MZ, 


To prove the above calculations, the circular tooth thickness 
of both Z, and Z, measured on the working pitch circle diameters 
D and Dj, are obtained as follows :— 


ty . . 
tw = D i M.Z, + inv. #-inv. y, | 
when value for é,, is obtained from previous calculations. 
tw = Ma- tw ; (1) 
ts y . 
or tw; = Ds [ MZ, + inv. #- inv. ¢, ] (2) 


If the calculations have been made correctly then the results at 
(1) and (2) should be equal, then to obtain outside diameter J, of 
gear Z,. 
Js = R, + 2ht 
An example is now given, showing how the particulars of a third 
gear having 40 teeth, meshing with the two gears in the previous 
example, are calculated. 
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then Z, = 30 
i, = %& 
Ze, = 40 
é «= 0-100 (30 + 40) 
~ 2 
= 3-500. 


Obtain value for 4%, from layout showing the best running 
condition. 
20° - 54’ as 40 is greater than 30 teeth, and in this example 18° 
is considered suita.wle. 


then (%, + %;) = 


In any case the angle selected should be less than 


3-500 (inv. 18° — inv. 144°) 
tan 143° 

3-500 (0010760 — 0-0055448) 
0-25862 

= 00708. 


taking the value of «, as 0-0607 from the previous example 


%3 


ll 


0:0705 — 0-0607 

0-0098 

(0-100 x 40 — 2 x 0-125) + 2 x 0-0098 
3-7696 


0-100 

on + 2 (0:0098 tan 144°) 
0-15708 + 0-00506 
0-16214 


taking the value of ““R” and “hk,” from the previous example 


C, 


then M 


D, 
and D 


2-8713 + 3-7 
eae + 0-2023 + 0-250 x 0-100 


2 

3:5427 

2 x 3-5427 

0 + 40) 7 (20122 
0-10122x40 = 4-0488 
010122 x30 = 3-0366 


To prove the calculations, and taking the value for ¢, for Z! 
from the previous calculations. 


tow 


0-1884 
= 3-0366 | ———-—— + inv. 141° - inv.18° 
0-100 x30 + inv. 144 inv | 


(on 3-0366 dia.) 
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3-0366 [0-0628 + 0-0055448 — 0-010760] 
0-1748 


oi td ded 


a 0-10122 x m — 0-1748 
031799 — 0-1748 
01431 
016214 
ys = 40488 =. inv, 144° - inv. 18° 
"° x a9 
= 0-1430 


the two results are the same within 0-0001, therefore the calculations 
have been made correctly. 
J; = 3-7696 + 2 x 0-2023 

= 4-1742 


A layout of the three gears is shown in Fig. 28. 


Involute Tooth Action. 


Pure rolling of spur, helical and bevel gears having involute 
tooth form, occurs only on the pitch circle diameters. 

For this reason it is impossible to eliminate sliding altogether, 
but by modifying the tooth form it has been shown that the amount 
of sliding can be reduced considerably. 

A good rule to remember is that the active profile of an involute 
tooth should not be taken to, or very rear the base circle diameter 
if smooth tooth action is to be obtained. 

Although in the previous examples sliding and rolling have 
been plotted on the diagrams, Figs. 23, 24 and 25, the amount of 
specific sliding can be calculated and charted as shown in Figs. 
29 and 30. 

For smooth running the specific sliding value should be as low 
as possible, while the curvature of the lines shown on the small 
graphs should be about equal for both wheel and pinion. 

If a sudden change is shown on the curve it will indicate that 
excessive wear will take place at the point indicated and a smooth 
curve with little change should be the standard of good gearing. 
For this reason two examples are shown, the first, Fig. 29, depicting 
a pair of spur gears 12/25 ratio 144° pressure angle gearing at 
standard centres, while in Fig. 30 the same gears are shown gearing 
at extended centres. From the layouts, calculations are made 
and the amount of specific sliding obtained in the roots and at the 
top of both wheel and pinion. 


Then at (pinion root) GE = 30, HE = 28 
(wheel top) 
at (pinion top) GF = 2, HF = 8, 


( 
(wheel root) 
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Specific sliding driving gear (pinion) 


b, Z, — by Z, . 
yy 
Driven gear (wheel) 
by Zy — b, Z, 
: lin Ze 
when Z, = number of teeth in wheel 
Z, = number of teeth in pinion 


In example, Fig. 29, and scaling diagram using millimetres for 
ease of measurement 


Specific sliding with pinion driving 


9x25 -49 x12 
= —— = - 14 at root 
9x25 
AB5X25-95%12 gg at tg 
48°5 x 25 7 1) 
with wheel driving 
9. ~48°5 x25 
= ~ ose .2 = 86am 
9:5 x12 
49 x 12-9 x 25 
: = = 4 16 at tap 
49 x 12 


and for example, Fig. 30, with pinion driving 
13:5 x 25 —85 x 12 


= (5225 1-3 at root 
59 x 25 — 39 x 12 

= ——Soxas. = ~* 7 at top 

with wheel driving 
- A = - 2-1 at root 
39 x 12 

85 x 12 — 13-5 x 25 

= ee Se at te 


From Fig. 29 it will be noted that considerable wear will take 
place on the wheel flanks due to the sudden change in curvature 
of the wheel curve, while less wear will take place on the pinion 
flanks. 
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On the other hand the gear pair shown in Fig. 30, gearing at 
extended centres, show considerable improvement on the gear 
pair shown in Fig. 29. 


The specific sliding is about equal in the roots of both wheel 
and pinion, while the difference at the tops is only slight. , 


It should also be noted that in the case of the wheel curves, 
there is a vast difference between the two, thus indicating that the 
gear pair shown in Fig. 30 will run smoother and with less wear 
taking place on the tooth flanks. 


Before finalising the design, however, it is always advisable to 
check the contact ratio and point width of the gears, either by 
layout or calculation. 


This precaution is very necessary, as the centres may be increased 
to such an extent that the contact ratio is made less than 1-000, 
whereas for safety a minimum of 1-15 is advised if continuous 
contact is to be obtained. 


A.E.S.D. Printed Pamphlets and 
Other Publications in Stock. 


An up-to-date list of A.E.S.D. pamphlets in stock is obtainable 
on application to the Editor, The Draughisman, 96 St. George’s 
Square, London, S.W.1. 


A similar list is also published in The Draughtsman twice a year. 


Readers are asked to consult this list before ordering pamphlets 


published in previous sessions. 
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List of A.E.S.D. Data Sheets. 


Safe Load on Machine-Cut Spur Gears. 

Deflection of Shafts and Beams 

Deflection of Shafts and Beams (Instruction Sheet) \ Coaneate. 
Steam Radiation Heating Chart. 
Horse-Power of Leather Belts, etc. 

Automatic Brakes (Axle Brakes) 

Automobile Brakes (Transmission Brakes) 
Capacities of Bucket Elevators. 

Valley Angle Chart for Hoppers and Chutes. . 
Shafts up to 54-in. diameter, subjected to Twisting and Combined 
Bending and Twisting. . 
Shafts, 53 to 26 inch diameter, subjected to Twisting and Combined 
Bending and Twisting. 

Ship Derrick Booms. 

Spiral Springs (Diameter of Rd. or Sq. Wire). 

Spiral Springs (Compression). 

Automobile Clutches (Cone Clutches). 
af % (Plane Clutches). 

Coil Friction for Belts, etc. 

Internal Expanding Brakes. Self-Balancing Brake 
Shoes (Force Diagram) Connected. 

Internal Expanding Brakes. Angular Propostions 
for Self-Balancing. 

Referred Mean Pressure Cut-Off, etc. 

Particulars for Balata Belt Drives. 

%” Square Duralumin Tubes as Struts. 

1” 


\ Connected. 


4” Sq. Steel Tubes as Struts (30 ton yield). 


com re » (30 ton yield). 
1” ” » (30 ton yield). 
tt xs » (40 ton yield), 
ar . , (40 ton yield). 
Lf , (40 ton yield), 


Moments of Inertia of Built-up Sections (Tables) 


Moments of Inertia of Built-up Sections (Instructions i Connected. ° 


and Examples) 
Reinforced Concrete Slabs (Line Chart) 


Reinforced Concrete Slabs (Instructions and Examples) \ Gonnesies, 


Capacity and Speed Chart for Troughed Band Conveyors. 
Screw Propeller Design (Sheet 1, Diameter Chart) 


ie a 3 (Sheet 2, Pitch Chart) \ Connected. 


5 ae cs (Sheet 3, Notes and Examples) 

Open Coil Conical Springs. 

Close Coil Conical Springs. 

Trajectory Described by Belt Conveyors (Revised 1949). 

Metric Equivalents. 

Useful Conversion Factors. 

Torsion of Non-Circular Shafts. 

Railway Vehicles on Curves. 

Chart of R.S. Angle Purlins. 

Coned Plate Developments. 

Solution of Triangles (Sheet 1, Right Angles), 

Solution of Triangles (Sheet 2, Oblique Angles). 

Relation between Length, Linear Movement and Angular Movement 
of Lever (Diagram and Notes). 
” is ” 1 » » (Chart). 

Helix Angle and Efficiency of Screws and Worms. 

Approximate Radius of Gyration of Various Sections. 
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Helical Spring Graphs (Roune Wire). 
nf uF (Round Wire). \ Connected. 
33 aD A) (Square Wire). 

Relative Value of Welds to Rivets. 

Ratio ef Length/Depth of Girders for Stiffness. 


Graphs for Strength of Rectangular Flat Plates of Uniform Thickness. 
Graphs for Deflection of Rectangular Flat Plates of Uniform Thickness. 


Moment of Resistance of Reinforced Concrete Beams. 
Deflection of Leaf Spring. 
Strength of Leaf Spring. 
Cart Showing Relationship of Various Hardness Tests. 
Shaft Horse Power and Proportions of Worm Gear. 
Ring with Uniform Internal Load (Tangential Strain) c 
Ring with Uniform Internal Load (Tangential Stress) onnected. 
Hub Pressed on to Steel Shaft. (Maximum Tangential Strass at Bore 
of Hub). 
Hub Pressed on to Steel Shaft. (Radial Gripping Pressure between 
Tub and Shaft). 
Rotating Disc (Steel) Tangential Strain. 
” ” ” Stress. 
Ring with Uniform External Load, Tangential Strain. : 
Stress. Connected. 


” ”» ” ” 
Viscosity ‘'emperature Chart for Converting Commercial I 
> 


Connected. 


to Absolute Viscosities. Connected. 

Journal Friction on Bearings. 

Ring Oil Bearings. 

Shearing and Bearing Values for High Tensile Structural 
Steel Shop Rivets, in accordance with B.S.S. No. 
548/1934. ’ Creel 

Permissible Compressive Stresses for High Tensile 
Structural Steel, manufactured in accordance with 
B.S.S. 548/1934. 

Velocity of Flow in Pipes for a Given Delivery. 

Delivery of Water in Pipes for a Given Head. 

Working Loads in Mild Steel Pillar Shafts. 

Involute Toothed Gearing Chart. 

Steam Pipe Design. Chart Showing Flow of Steam Through Pipes. 

Variation of Suction Lift and Temperature for Centrifuga] Pumps. 

Nomograph for Unifirmly Distributed Loads on British , | 


Standard Beams. 


Connected. 


” 7? ” ” ry) 


a " ” rh i Connected. 
Notes on Beam Design and on Use of Data Sheets, Nos. 
84-5-6. 


Curve Relating Natural Frequency and Deflection. 
Vibration Transmissibility Curved or Elastic Suspension. Connected. 
Instructions and Examples in the Use of Dats Sheets, 
Nos. 89 and 90. 
Pressure on Sides of Bunker. 


03.4-5-6-7. Rolled Steel Sections. 


98-99-100. Boiler Safety Valves. 


Nomograph Chart for Working Stresses in Mild Steel Columns. 
Pressure Required for Blanking and Piercing. 

Punch and Die Clearances for Blanking and Piercing. 
Nomograph for Valley Angles of Hoppers and Chutes. 


(Data Sheets are 2d to Members, 4d to others, post free). 


Orders for Pamphlets and Data Sheets to be sent to the Editor, 
The Draughtsman, cheques and orders being crossed “A.E.S.D.” 


